Abstract. 2014 We measure the apparent bulk modulus corresponding to the layer compression of a SA liquid crystal, versus the frequency of an applied strain. For thin samples, we observe an elastic regime, a high frequency internal friction resonance, and at low frequency a stress relaxation attributed to the climb of edge dislocations. For thick samples, we observe a diffusive propagation through the layers tentatively explained by a layer permeation mechanism. The estimated permeation length is in the range of 103 Å, much larger than a molecular length, and could be attributed to the glide of
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Rheological behaviour of a smectic A liquid crystal under layer compression R. Bartolino [1] . The elastic behaviour of the smectic layers is that of a one dimensional (ID) solid and is of fundamental interest. It has been recently shown [2] , for instance, that anharmonic effects should force the associated elastic modulus to vanish for small wave numbers. The plastic behaviour of these 1 D solids is also important, to understand the dynamics of defects, which could be responsible for the smectic -~ nematic phase transition [3, 4] . An intrinsic plastic behaviour of the smectic material, the permeation through the smectic layers [5] , should also be observable. A D.C. model [6] of permeation flow in a smectic drop has led to the prediction of permeation boundary layers. An A.C. extension of this model [7] has described the associated viscoelastic relaxation. In this paper, we present experimental results for the apparent elastic modulus B(co) of a smectic A liquid crystal, when subjected to a small A.C. strain of frequency w, normal to the layers. In our analysis, we can separate an elastic regime from a high frequency inertial regime and two possible low frequency plastic regimes.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:0198300440207900
Our experimental set-up has already been described [8] . The smectic A sample is nonyl-oxybutyloxy-benzoate, at T = 66 ~C. It is oriented in the homeotropic texture between two float glasses coated with silane (see Fig. 1 We describe now the B(c~) data for thick samples (Pig. 3) . The interesting feature is that the mechanical response of the second plate is, on the average, out of phase with the motion of the first plate. This result seemed very strange to us. We checked for possible artefacts (for instance ceramic polarities). We checked that, when cooled down to its solid crystalline phase, the material gave the good «in phase » elastic signal. The out of phase signal, which appears also in the smectic B phases is thus a real effect. We disregard a possible effect of the normal stresses associated with the lateral shear (the Weissenberg effect). Because of the symmetry of the texture, the normal stresses associated with the oscillating shear at frequency w should appear at zero or 2 (o frequencies, and not at w. We return now to the data of figure 3. The thickest samples (100 and 200 ~m) give B(w) diagrams which compare. They rotate clockwise when the frequency increases, with just an order of magnitude shift in frequency. Intermediate thickness samples (50 and 75 ~m) give also clockwise rotating diagrams. The common feature of these diagrams is that the dephasing 0 increases with the sample thickness and the frequency and that 0 may be larger than n/2. This cannot be related only to dissipative processes for uniform distortions in the material, because the dephasing could not be larger than 7~/2. The observed dephasing is a characteristic sign of a non uniform propagative phenomenon. Inertial effects can be neglected, because this dephasing appears for frequencies much lower than Q)2s. We are left with elastic and viscous forces, which we tentatively attribute to the layer elasticity and an eventual permeation process. In our previous model [7] , we had assumed that a permeative flow was induced in a smectic drop by sinusoidal membranes. In our experimental set-up, since the plates are flat, one can assume that flow and permeation are decoupled. The layer displacement u follows the classical [1] diffusion equation : We compute the force acting on the plates (w M2/Td2) as F = B Ou.
For low frequencies, ' [16] it has been suggested that conventional hydrodynamics breaks down for smectic A liquid crystals, because of the non-linear coupling between the velocity field and the layer displacement. It would be interesting to look at further developments of this idea to see if this break-down could describe our experimental data better than the classical model used here.
